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uvtyd nrrw cfnSOR USING A SOLID detected produces an emf between the two electrodes indka- 

^^rSYoS CO^UctSg «ive of the concentration of the gas. The sensor also includes 

ScTROLYTE a micro thermometer formed of a deposited thin film wire 

having a temperature dependant resistance. When die gas to 
FIELD OF THE INVENTION 5 be detected is carbon dioxide, the reactive gas layer may be 

sodium carbonate, and the ionic conductor may comprise a 
This invention is concerned with a hydrogen sensor c lex zirconium phosphate of the Nasicon type, of gen- 
including a solid hydrogen conducting electrolyte. Hydro- ' Na 3 Zr,Si,PO,,. 

gen sensors of this type are used to detect, and to measure, erai lormuia rN 3 .... 

hydrogen when it is present in a gaseous system. i0 a process for the preparation of polycrystalline ceramic 

° materials which conduct electricity by the mobility of hydro- 

BACKGROUND OF THE INVENTION J&ata ions or hydrogen ions is described by Kuriakose et al 

S„S a typical upper limit being of the order of Zr 2 SLP (3 _,,0 12 , and other complex materials including 

3-4% Others are able to operate over a wider, and more polyantimonic acids, alumina containing ceramics, ana 

useful' ran«e of concentrations, but generally either have complex sodium silicates of the general formula 
low sensitivity and thus cannot detect small changes, or 20 N^ReSi.,0,,, in which Re represents yttrium or gadohmurn. 

exhibit a slow response time and thus cannot respond to w^st j t j s sta ted that the polycrystalline materials obtained 

transient changes. Further, some of these devices require a by me described process "are capable of use as a membrane 

supply of pure hydrogen as a standard reference, and some „, devices such as hydrogen fuel cells, hydrogen detectors, 

of them only operate at elevated temperatures. and steam electrolysers" no preference is expressed amongst 

It has also been proposed to use solid sensors in gas 25 the many ceramics that can be made by the described 

a r aZ^ pr0pOSea process, and further there is no disclosure of how a dev.ce 

detection devices. ble of both Meeting gaseous hydrogen, and measuring 

e SiSS^S Jamountofhydrogenpresent.canbeconstmcted. 

based semiconductor with a catalytic material coated onto its J() A hvd rogen concentration cell in which an electrolyte 

surface This device measures the variation of the surface from ^ Naztrpos family is used has been described (J. Can. 

resistance of the semiconductor material when in contact Ceramic Soc, 55, 34-37 (1986), and Solid State Ionics, 

with the gas. This device appears to be limited to detecting 45,299-310 (1991)). This cell was constructed by applying 

a combustible gas such as iso-butane, but also refers to p i at inum paint to both sides of a disc of the ceramic, curing 

hydrogen and carbon monoxide. 35 it in hydrogen at about 100° C. and sealing the disc onto the 

In U S Pat No 4 636 294 there is described a device for e „d of a glass tube with a siUcone rubber resin. Electrical 

the detection 'and measurement of hydrogen sulphide. This contact with the two platinised surfaces is stated to be 

device reauires an anode, a cathode, a solid electrolyte, and obtained by means of a spring loaded platinum wire, this 

a reference electrode in contact with the electrolyte. The device functions as a concentration ceU. in which one side 

reference electrode should be shielded from the gas being 40 (die side exposed within the glass tube) is exposed to 

tested It is also suggested that "sacrificial reference elec- hydrogen gas at a known partial pressure as a standard and 

Codes' such as silver" can be used in such a device. the other side of the cell is exposed to hydrogen gas enher 

Alherti et al in U S Pat No. 5.453.172 describe a solid at a lower partial pressure, or in combination with another 
statTsensor whS ^ comprises a soUd protonic conductor gas. for example nitrogen. Under these circumstances ; an 

so ^^t^^rr^s 

n-felw zkco^um hJZSn phosphate, the catalysing isolated from each other as different gas systems are in 

S^Si SabW platE or paUadium, and the ref- contact with each side of the cell. A reference gas of pure 

hydride or zirconium hydrogen at a known partial pressure also has to be pre- 

hydride. It is also indicated that there are drawbacks with vided. 
usin" a silver electrode in contact with zirconium hydrogen 55 

^^Z^cml^ta^^c^n^in^ BRIEF DESCRIPTION OF THE INVENTION 

a system. Q4/28403 describe an integrated This invention seeks to provide a reliable hydrogen detec- 

^^^^i^^^^^^Ll 65 system on one side, and a platinum electrode on the other 
SK^tS^S^ "•>'-^» ie device can thus be represented as the following elec- 
electrolyte reaction including as reagent the gas to be-^ttochemical cell: 
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PtHjH-Nazirp&iolAg-NazirpsiolAg I 

In this cell the overall reaction is: 

V4H ; +Ag-Nazirpsio->Ag(jHH-Nazirpsio 2 

Thus in a first broad embodiment this invention seeks to 
provide a hydrogen detection device comprising in combi- 
nation: 

(a) a body of phosphate bonded ceramic electrolyte of the 
general formula Na(H 3 0)7r 2 Si J^O, 2 having a first face 
spaced apart from a second face; 

(b) a catalytic noble metal electrode layer on the first face 
of the body in electrical contact with the ceramic electrolyte; 

(c) a silver ion modified layer at the second face of the 
body; 

(d) a silver electrode in contact with the silver ion 
modified layer; and 

(e) conductive leads electrically connected to each of the 
faces; whereby the emf generated when the ceramic body is 
exposed to hydrogen gas can be measured. 

Preferably, the first and second spaced apart faces on the 
ceramic body are substantially parallel to each other. 

Preferably, the first and second faces are each substan- 
tially flat. 

Preferably, the ceramic body is disc shaped, and the first 
and second faces comprise the two faces of the disc. 

Preferably, the catalytic noble metal electrode layer is 
chosen from a layer of platinum or palladium. More 
preferably, the catalytic noble metal electrode layer is a layer 
of platinum. 

Preferably, the silver electrode comprises a silver con- 
taining conductive cement applied over the silver ion modi- 
fied layer. 

Preferably, the two conductive leads are attached to each 
of the platinum layer and the silver electrode by means of a 
conductive cement. More preferably, the same silver con- 
ducting cement is used as both the silver electrode and to 
attach the two conductive leads. 

Preferably, in the body of phosphate bonded ceramic 
electrolyte of the general formula Na(H 3 0) t Zr 2 Si r P f 3_. t) O l2 , 
x has a value of from about 1.3 to about 2.2. 

Most preferably, in the body of ceramic electrolyte x has 
a value of about 1.5. 

QKBRIEF DESCRIPTION OF THE DRAWINGS 

One embodiment of the invention will now be described 
with reference to the drawings in which: 

FIG. 1 shows a schematic diagram of a hydrogen detec- 
tion device; 

FIG. 2 shows graphically the voltage response of the 
device of FIG. 1 when exposed to hydrogen; and 

FIGS. 3 and 4 show the response time of the device of 
FIG. 1 to different concentrations of hydrogen under differ- 
ent conditions. 

Referring first to FIG. 1, it can be seen that the construc- 
tion of the device is not complex. 

A substantially circular ceramic disc 1 having a compo- 
sition chosen from the Nazirpos family is cut, and the two 
parallel faces a and b are ground flat, for example with 120 
grit abrasive paper. The polished disc is cleaned in 
2-propanol, and dried. To side a of the disc a 25% solution 
of silver nitrate in distilled water is applied as a thin layer. 
The disc is then allowed to stand for a suitable period of 
time, typically overnight, thus allowing the silver nitrate 
solution to diffuse into the surface of the disc. The silver 
nitrate also reacts with the ceramic to some extent to form 
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the silver salts of the hydronium compounds in the ceramic, 
at and near to the surface of the disc, as indicated at 2. The 
area exposed to silver nitrate solution need not be all of the 
face of the disc, as shown in FIG. 1. The treated disc is then 
5 dried. This process can be represented by the following 
equation: 

H-Naziipsio+AgN0 3 ->Ag-Na2irpsi(H-HNOj 3 

The nitric acid formed in this reaction is lost by evaporation 
10 from the surface of the disc. 

The dry silver nitrate treated surface 2 is then coated with 
a layer of electrically conducting silver containing epoxy 
resin 3, and a silver wire 4 is attached to the layer 3 with the 
same silver containing epoxy resin 3a. The resin is then 
15 allowed to cure according to the manufacturer's instructions, 
typically at room temperature overnight. 

After the epoxy resin is cured, the other side, of the disc 
is coated with a platinum layer, as shown at 5, for example 
by applying a thin coating of platinum ink (available under 
20 the trade name Engelhard A-4338). After the ink has dried, 
a second silver wire 7 is attached to the layer 5 with a small 
amount 6 of the same silver containing epoxy resin, which 
leaves most of the platinised face open to contact the 
hydrogen containing gas. The resin layer 6 is then allowed 
25 to cure. As soon as the epoxy resin layers are cured, the 
device is ready for use. 

The use of the silver containing epoxy resin in the 
construction of the device has two advantages. First, it 
removes the need to provide a separate silver electrode in 
30 contact with the silver ion modified layer in the surface of 
the ceramic disc. Second, it serves to provide a gas tight 
environment for the silver electrode, thus isolating the 
Ag/Ag + from the hydrogen containing gas, and providing 
what has been found to be a very steady and stable reference 
35 electrode system. As a separate benefit, if used on the 
platinum side as well the conductive cement helps to provide 
a rugged device suitable for industrial use. Other conductive 
cements can also be used, for example copper containing 
conductive epoxy resins are available, but it should be noted 
40 that it is then necessary to provide a separate silver electrode 
on the silver ion modified face of the ceramic. 

The emf generated by the device is measured by a suitable 
measuring voltage means 8 connected between the silver 
wires 4 and 7. For this purpose any suitable high impedance 
4 5 voltage measuring device capable of measuring, and if 
desired recording in any suitable format, a voltage of around 
1 volt DC can be used. Preferably, a voltage measuring 
device with an impedance of at least 10 megohms is used. 
Using this procedure, a detector was constructed in which 
50 the disc was approximately 6 mm diameter by approxi- 
mately 1 mm thickness. The phosphate bonded ceramic used 
was prepared as set out in U.S. Pat. No. 4,724,191, and had 
the formula Na(H 3 0) l Zr 2 Si r P ( 3_. t) O l2 , in which x was cho- 
sen to be 1.5. This device when exposed to hydrogen 
55 operates according to the reaction shown above as equation 
2. Since the concentrations of all species other than 
hydrogen, as H 2 , are substantially constant, the emf of this 
device may be represented by the following equation: 

E=k«RT/nF)ln(PH 2 ) }/2 4 

in which: 

E is the device output emf; 
k is a constant; 
R is the gas constant; 

n is the number of electrons involved in the 



